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1
DUAL-BAND INVERTED-F ANTENNA
APPARATUS PROVIDED WITH AT LEAST
ONE ANTENNA ELEMENT HAVING
ELEMENT PORTION OF HEIGHT FROM
DIELECTRIC SUBSTRATE

This is a continuation application of International appli-
cation No. PCT/JP2012/001500 as filed on Mar. 5, 2012,
which claims priority to Japanese patent application No. JP
2011-123933 as filed on Jun. 2, 2011, the contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to an antenna apparatuses.
In particular, the present disclosure relates to a dual-band
antenna apparatus.

2. Description of the Related Art

Background Art

In recent years, a style to wirelessly connect a plurality of
apparatuses by utilizing a wireless LAN (Local Area Net-
work) technology complying with the communication stan-
dard IEEE802.11 has become widespread, in the fields of AV
(Audio and Visual) equipments such as television broad-
casting receiver apparatuses and Blu-ray disc players, and
the fields of personal computers. This allows the LAN
network in an office or home to be wireless, and the user can
view and listen to television broadcasting and enjoy the
Internet without any bother with wiring.

Meanwhile, wireless communication equipments repre-
sented by portable telephones have spread rapidly, and the
frequency bands used for the wireless LAN cover a plurality
of frequency bands. For example, a 2.4-GHz band is used
according to IEEE802.11b and IEEE802.11g, a 5-GHz band
is used according to IEEE802.11a, and the 2.4-GHz band
and the 5-GHz band are used according to IEEE802.11n.
Therefore, it is desired that the antenna apparatus mounted
on wireless communication equipment is a dual-band
antenna apparatus, which can be used in, for example, both
of the frequency bands of the 2.4-GHz band and the 5-GHz
band. Further, when the antenna apparatus is built in wire-
less communication equipment, the antenna apparatus is
required to have a small size so that the occupation space
thereof in the equipment can be reduced in accordance with
the size reduction and multifunctionality of the wireless
communication equipment.

For example, the Patent Document 1 discloses a prior art
antenna to satisfy the above-described requirements. FIG. 14
is a plan view showing a configuration of the prior art
antenna. Referring to FIG. 14, the prior art antenna is
configured to include a first antenna element 401 for a low
frequency band of two frequency bands, and a second
antenna element 402 for a high frequency band. One end of
each of the first and second antenna elements 401 and 402
is connected to a feeding point 403. In this case, another end
of the first antenna element 401 is an open end, and the
electrical length of the first antenna element 401 is set to a
half wavelength of a radio wave in the high frequency band.
In addition, another end of the second antenna element 402
is connected to a grounding conductor 404, and the electrical
length of the second antenna element 402 is set to a quarter
wavelength of a radio wave in the low frequency band.

Referring to FIG. 14, an impedance of the second antenna
element 402 is infinite in the low frequency band, and an
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impedance of the first antenna element 401 is infinite in the
high frequency band. Therefore, the first and second antenna
elements 401 and 402 do not interfere with each other, and
deteriorations in the gain in each of the frequency bands can
be prevented. For example, in mobile communications rep-
resented by, for example, portable telephones, GSM (regis-
tered trademark) (Global System for Mobile communica-
tion) that mainly use a 900-MHz band, and DCS (Digital
Cellular System) that uses a 1.8-GHz band or PCS (Personal
Communication Service) that uses a 1.9-GHz band are used.
In particular, when the antenna of FIG. 14 is used in a
combination of frequency bands such that the frequency of
the high frequency band is two times the frequency of the
low frequency band, one wavelength of radio waves in the
high frequency band becomes a half of a wavelength of radio
waves in the low frequency band. Therefore, electrical
lengths of the first and second antenna elements 401 and 402
can be easily adjusted, and this leads to great effects. Prior
art documents related to the present disclosure are listed
below:

Patent Document 1: Japanese patent laid-open publication
No. 2007-288649 A,

Patent Document 2: Specification of U.S. Pat. No. 6,008,
762,

Patent Document 3: Specification of United States Patent
Application Publication No. US 2010/0289709 Al;

Patent Document 4: Specification of United States Patent
Application Publication No. US 2005/0093751 Al;

Patent Document 5: Japanese patent laid-open publication
No. JP 2004-201278 A,

Patent Document 6: Japanese patent laid-open publication
No. JP 2009-111999 A,

Patent Document 7: Japanese patent laid-open publication
No. JP 2008-141739 A; and

Patent Document 8: Japanese patent laid-open publication
No. JP 3958110 B.

In the prior art antenna, it is desirable that the frequency
of'the high frequency band is two times the frequency of the
low frequency band. On the other hand, in a case of the
combination of the 2.4-GHz band ranging from 2.4 GHz to
2.483 GHz and the 5-GHz band ranging from 5.15 GHz to
5.85 GHz, the frequency in the 5-GHz band becomes up to
about 2.5 times the frequency in the 2.4-GHz band. There-
fore, the prior art antenna has not been able to be applied to
the antenna for the 2.4-GHz band and the 5-GHz band as it
is.

In addition, according to the prior art antenna, since the
first antenna element 401 for the low frequency band is an
inverted-L antenna, a sufficient fractional band-width cannot
be generally secured in the low frequency band.

In addition, AV equipments such as a television broad-
casting receiver apparatus, a Blu-ray Disc or DVD player, a
recorder or the like are scarcely moved after they are set up.
Therefore, when there is a bias in a directional pattern of the
antenna mounted on such AV equipments, there is quite a
possibility that the performance of the antenna cannot be
sufficiently drawn out. For example, referring to FIG. 14,
when the first and second antenna elements 401 and 402 are
formed of conductor patterns on a plane identical to that of
the grounding conductor 14 on the dielectric substrate, there
is quite a possibility that a bias might be generated in a
directional pattern of a vertical polarized wave perpendicu-
lar to the dielectric substrate. Therefore, the prior art antenna
has not been appropriate for the AV equipments.

SUMMARY OF THE INVENTION

It is an object of the present disclosure to provide a
dual-band antenna apparatus having a size smaller than that
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of the prior art, capable of solving the above-described
problems, securing a desired fractional band-width in a low
frequency band, providing a satisfactory antenna gain in
each of the frequency bands, and providing a substantially
omni-directional directional pattern in a high frequency
band.

According to the first aspect of the present disclosure,
there is provided an antenna apparatus which is an antenna
apparatus of an inverted-F antenna including a first antenna
element of a loop antenna and a second antenna element.
The first antenna element has one end connected to a first
feeding point and another end connected to a grounding
conductor formed on a dielectric substrate, and resonates at
a predetermined first wavelength. The second antenna ele-
ment has one end connected to a predetermined connecting
portion of the first antenna element and another end of an
open end. The inverted-F antenna resonates at a predeter-
mined second wavelength longer than the first wavelength.
The first antenna element includes a first element portion
formed to have a predetermined first height from a surface
of the dielectric substrate. The second antenna element
includes a second element portion which is formed to have
the first height from the surface of the dielectric substrate,
and is formed to be substantially parallel to the first element
portion at a predetermined distance apart from the first
antenna element.

In the above-described antenna apparatus, the first
antenna element includes first to sixth strip conductors. The
first strip conductor has one end connected to the first
feeding point, and extends in a predetermined first direction
from the one end of the first strip conductor on the dielectric
substrate. The second strip conductor has one end connected
to another end of the first strip conductor, and extends from
the one end of the second strip conductor in a predetermined
second direction perpendicular to the surface of the dielec-
tric substrate. The third strip conductor has one end con-
nected to another end of the second strip conductor, and
extends from the one end of the third strip conductor in a
direction opposite to the first direction. The fourth strip
conductor has one end connected to another end of the third
strip conductor, and extends from the one end of the fourth
strip conductor in a third direction perpendicular to the first
and second directions. The fifth strip conductor has one end
connected to another end of the fourth strip conductor, and
extends from the one end of the fifth strip conductor to the
surface of the dielectric substrate in a direction opposite to
the second direction. The sixth strip conductor has one end
connected to another end of the fifth strip conductor and
another end connected to the grounding conductor. The
second antenna element includes seventh to ninth strip
conductors. The seventh strip conductor has one end con-
nected to a connecting point between the second and third
strip conductors, and extends from the one end of the
seventh strip conductor in the third direction. The eighth
strip conductor has one end connected to another end of the
seventh strip conductor, and extends from the one end of the
eighth strip conductor to the surface of the dielectric sub-
strate in a direction opposite to the second direction. The
ninth strip conductor has one end connected to another end
of the eighth strip conductor, and extends from the one end
of the ninth strip conductor to the open end in a direction
opposite to the third direction. The first element portion is
the fourth strip conductor, and the second element portion is
the seventh strip conductor.

According to the second aspect of the present disclosure,
there is provided an antenna apparatus, which is an antenna
apparatus of an inverted-F antenna including a first antenna
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element of a loop antenna and a second antenna element.
The first antenna element has one end connected to a first
feeding point and another end connected to a grounding
conductor formed on a dielectric substrate, and resonates at
a predetermined first wavelength. The second antenna ele-
ment has one end connected to a predetermined connecting
portion of the first antenna element and another end of an
open end. The inverted-F antenna resonates at a predeter-
mined second wavelength longer than the first wavelength.
The first antenna element includes a first element portion
formed so that a height of the first antenna element from a
surface of the dielectric substrate changes from a predeter-
mined first height to a predetermined second height higher
than the first height. The second antenna element includes a
second element portion, which is formed to have the second
height from the surface of the dielectric substrate, and is
formed to have at least a predetermined distance apart from
the first antenna element.

According to the third aspect of the present disclosure,
there is provided an antenna apparatus, which is an antenna
apparatus of an inverted-F antenna including a first antenna
element of a loop antenna and a second antenna element.
The first antenna element has one end connected to a first
feeding point and another end connected to a grounding
conductor formed on a dielectric substrate, and resonates at
a predetermined first wavelength. The second antenna ele-
ment has one end connected to a predetermined connecting
portion of the first antenna element and another end of an
open end. The inverted-F antenna resonates at a predeter-
mined second wavelength longer than the first wavelength.
The first antenna element includes a first element portion
formed to have a predetermined first height from the surface
of the dielectric substrate. The second antenna element
includes a second element portion, which is formed on the
surface of the dielectric substrate and is formed to be
substantially parallel to the first element portion at a prede-
termined distance apart from the first antenna element.

In the above-described antenna apparatus, the distance is
set to equal to or larger than 2s0 of the second wavelength.

In addition, in the above-described antenna apparatus, the
first height is set to equal to or larger than %o of the first
wavelength.

According to the fourth aspect of the present disclosure,
there is provided an antenna system including a first antenna
apparatus that is the above-described antenna apparatus, and
a second antenna apparatus. The second antenna apparatus
includes a grounded antenna element, a third antenna ele-
ment, a feeding antenna element, a fifth antenna element,
and a fourth antenna element. The grounded antenna ele-
ment has one end connected to the grounding conductor. The
third antenna element is formed to be substantially parallel
to an edge portion of the grounding conductor, and has one
end connected to another end of the grounded antenna
element. The feeding antenna element connects a second
feeding point with a predetermined connecting point on the
third antenna element. The fifth antenna element has one end
connected to another end of the third antenna element. The
fourth antenna element has one end connected to another
end of the fifth antenna element. Another end of the fourth
antenna element is folded, so that another end of the fourth
antenna element is adjacent to and electromagnetically
coupled to another end of the grounded antenna element to
form a coupling capacitor between the fourth antenna ele-
ment and the grounded antenna element. A first length, from
the second feeding point via the feeding antenna element,
the connecting point on the third antenna element and the
third antenna element to another end of the third antenna
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element, is set to a length of a quarter wavelength of a first
resonance frequency, so as to resonate a first radiating
element having the first length at the first resonance fre-
quency. A second length, from the second feeding point via
the feeding antenna element, the connecting point on the
third antenna element, the third antenna element, the fifth
antenna element and the fourth antenna element to another
end of the fourth antenna element, is set to a length of a
quarter wavelength of the second resonance frequency, so as
to generate a second radiating element having the second
length at the second resonance frequency. A third length,
from the second feeding point via the feeding antenna
element, the connecting point on the third antenna element,
the third antenna element, the fifth antenna element, the
fourth antenna element and the coupling capacitor to the
grounded antenna element, is set to one of a half wavelength
and three quarter wavelength of the first resonance fre-
quency, so as to resonate a third radiating element, which has
the third length and configures a loop antenna, at the first
resonance frequency. The third antenna element is formed so
that a width of the third antenna element expands gradually
in a tapered shape, from another end of the third antenna
element to the connecting point between the third antenna
element and the feeding antenna element.

According to the antenna apparatus of the present disclo-
sure, the first antenna element includes the first element
portion, and the second antenna element includes the second
element portion. Therefore, it is possible to provide a
dual-band antenna apparatus having a size smaller than that
of the prior art, and capable of securing a desired fractional
band-width in a low frequency band, providing a satisfac-
tory antenna gain in each of the frequency bands, and
providing a substantially omni-directional directional pat-
tern in a high frequency band.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and features of the present
disclosure will become clear from the following description
taken in conjunction with the preferred preferred embodi-
ments thereof with reference to the accompanying drawings
throughout which like parts are designated by like reference
numerals, and in which:

FIG. 1is a perspective view showing a configuration of an
antenna apparatus 100 according to a first preferred embodi-
ment of the present disclosure;

FIG. 2 is an enlarged perspective view showing the
antenna apparatus 100 of FIG. 1;

FIG. 3 is a graph showing a relation between a distance
D of FIG. 2 and a fractional band-width in the 2.4-GHz
band;

FIG. 4 is a graph showing frequency characteristic of a
voltage standing wave ratio (VSWR) of the antenna appa-
ratus 100 when the distance D of FIG. 2 is set to 1.0 mm;

FIG. 5 is a graph showing directional patterns of a vertical
polarized wave and a horizontal polarized wave at 5 GHz on
an XY plane of the antenna apparatus of FIG. 1;

FIG. 6 is a perspective view showing a configuration of an
antenna apparatus 100A according to a first modified pre-
ferred embodiment of the first preferred embodiment of the
present disclosure;

FIG. 7 is a perspective view showing a configuration of an
antenna apparatus 100B according to a second modified
preferred embodiment of the first preferred embodiment of
the present disclosure;
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FIG. 8 is a perspective view showing a configuration of an
antenna apparatus 100C according to a third modified pre-
ferred embodiment of the first preferred embodiment of the
present disclosure;

FIG. 9 is a perspective view showing a configuration of an
antenna apparatus 100D according to a second preferred
embodiment of the present disclosure;

FIG. 10 is a perspective view showing a configuration of
an antenna apparatus 100E according to a third preferred
embodiment of the present disclosure;

FIG. 11 is a perspective view showing a configuration of
an antenna apparatus 100F according to a fourth modified
preferred embodiment of the first preferred embodiment of
the present disclosure;

FIG. 12 is a perspective view showing a configuration of
a wireless communication apparatus 300 according to a
fourth preferred embodiment of the present disclosure;

FIG. 13 is a plan view showing a configuration of the
antenna apparatus 200 of FIG. 12; and

FIG. 14 is a plan view showing a configuration of a prior
art antenna.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Preferred embodiments of the present disclosure will be
described hereinafter with reference to the drawings. In the
preferred embodiments, components similar to each other
are denoted by the same reference numerals.

First Preferred Embodiment

FIG. 1is a perspective view showing a configuration of an
antenna apparatus 100 according to the first preferred
embodiment of the present disclosure, and FIG. 2 is an
enlarged perspective view showing the antenna apparatus
100 of FIG. 1. Referring to FIG. 1, the antenna apparatus
100 is mounted on a wireless communication apparatus such
as a portable telephone. In addition, the antenna apparatus
100 is a dual-band antenna that can support two frequency
bands for use in a wireless LAN, and resonates at a reso-
nance frequency f1 of a low frequency band and a resonance
frequency th (when fl<th) of a high frequency band. For
example, the low frequency band is the 2.4-GHz band
ranging from 2.4 GHz to 2.483 GHz, the high frequency
band is the 5-GHz band ranging from 5.15 GHz to 5.85 GHz,
the resonance frequency f1 is 2.4 GHz, and the resonance
frequency this 5 GHz, in the present preferred embodiment.

Referring to FIG. 1, the antenna apparatus 100 is config-
ured to include a dielectric substrate 10, a grounding con-
ductor (ground portion) 11, a first antenna element 12, and
a second antenna element 13. Referring to FIG. 1, the
grounding conductor 11 is formed on an edge portion on a
near side of a surface of the dielectric substrate 10 of, for
example, a printed wiring board. In addition, the grounding
conductor 11 has an edge portion 11a on a deep side of FIG.
1. Referring to FIG. 1 and FIGS. 2 to 11 as described later,
each antenna apparatus is described hereinafter by using an
XYZ coordinate system in which a feeding point 14 on the
dielectric substrate 10 is defined as a coordinate origin O. In
this case, in FIG. 1, an axis, which extends from the
coordinate origin O in the rightward direction of FIG. 1 and
is parallel to the edge portion 11a, is defined as an X axis.
An axis, which extends from the coordinate origin O in an
upper leftward direction of FIG. 1 and is perpendicular to the
dielectric substrate 10, is defined as a Z axis. An axis, which
extends from the coordinate origin O in an upper rightward
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direction of FIG. 1 and is perpendicular to the X axis and the
Z axis, is defined as a Y axis. In addition, a direction
opposite to the X-axis direction is referred to as a —X-axis
direction, a direction opposite to the Y-axis direction is
referred to as a —Y-axis direction, and a direction opposite to
the Z-axis direction is referred to as a —Z-axis direction.

Referring to FIG. 2, the first antenna element 12 is
configured to include a first strip conductor 21, a second
strip conductor 22, a third strip conductor 23, a fourth strip
conductor 24, a fifth strip conductor 25, and a sixth strip
conductor 26. In addition, the second antenna element 13 is
configured to include a seventh strip conductor 27, the
eighth strip conductor 28, and a ninth strip conductor 29.

In this case, referring to FIG. 2, the first strip conductor
21 extends in the Y-axis direction from its one end connected
to the feeding point 14, on the dielectric substrate 10. In
addition, the second strip conductor 22 extends in the Z-axis
direction from its one end connected to another end of the
first strip conductor 21, within a plane parallel to the ZX
plane. Further, the third strip conductor 23 extends in the
—Y-axis direction from its one end connected to another end
of the second strip conductor 22, within a plane parallel to
the XY plane (the surface of the dielectric substrate 10). The
fourth strip conductor 24 extends in the —X-axis direction
from its one end connected to another end of the third strip
conductor 23, within a plane parallel to the XY plane. In
addition, the fifth strip conductor 25 extends in the -Z-axis
direction from its one end connected to another end of the
fourth strip conductor 24 to its another end on the surface of
the dielectric substrate 10, within a plane parallel to the ZX
plane. Then, the sixth strip conductor 26 extends in the
—Y-axis direction from its one end connected to another end
of the fifth strip conductor 25 on the dielectric substrate 10,
and another end of the sixth strip conductor 26 is connected
to a predetermined grounding point 15 on the edge portion
11a of the grounding conductor 11, to be grounded.

In addition, referring to FIG. 2, the seventh strip conduc-
tor 27 extends in the -X-axis direction from its one end
connected to a connecting portion 17 at the one end of the
third strip conductor 23, within a plane parallel to the XY
plane. In addition, the eighth strip conductor 28 extends in
the —Z-axis direction from its one end connected to another
end of the seventh strip conductor 27 to another end on the
surface of the dielectric substrate 10, within a plane parallel
to the YZ plane. Then, the ninth strip conductor 29 extends
in the X-axis direction from its one end connected to another
end of the eighth strip conductor 28 to its another end of an
open end 16, on the dielectric substrate 10.

In this case, the first strip conductor 21, the sixth strip
conductor 26 and the ninth strip conductor 29 are formed as
conductor patterns on the surface of the dielectric substrate
10. In addition, the second to fifth strip conductors 22 to 25,
the seventh strip conductor 27 and the eighth strip conductor
28 are formed as conductor patterns on the respective
surfaces of one rectangular parallelepiped (not shown)
formed of a dielectric, for example.

The first antenna element 12 configured as described
above has a folded loop shape from the feeding point 14 via
the first to sixth strip conductors 21 to 26 to the grounding
point 15. In particular, the first to third strip conductors 21
to 23 are formed in a C-figured shape perpendicular to the
dielectric substrate 10. In addition, the first antenna element
12 has a height H1 that is substantially identical to the length
of the second strip conductor 22. Further, each of the fifth
strip conductor 25 and the eighth strip conductor 28 has a
length identical to the length of the second strip conductor
22. In addition, the fourth strip conductor 24 and the seventh
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strip conductor 27 are formed to be substantially parallel to
each other at a predetermined distance D, and the height H1
of the fourth strip conductor 24 from the surface of the
dielectric substrate 10 and the height of the seventh strip
conductor from the surface of the dielectric substrate 10 are
substantially identical to each other.

The antenna apparatus 100 configured as described above
has a first radiating element that can transmit and receive a
wireless signal having a wireless frequency of a resonance
frequency fh, and a second radiating element that can
transmit and receive a wireless signal having a wireless
frequency of a resonance frequency fl1. In this case, the first
radiating element is the first antenna element 12, which is
the loop antenna that includes portions from the feeding
point 14 via the first to sixth strip conductors 21 to 26, to
another end of the sixth strip conductor 26 connected to the
grounding point 15. The first radiating element resonates at
a wavelength Ah (length of 0 to 360 degrees (2 m) in terms
of'a sine wave) corresponding to the resonance frequency th.
The electrical length of the first radiating element is set to
AW/2 that is substantially a half of the wavelength Ah.

In addition, the second radiating element is an inverted-F
antenna that has a main body part of the second antenna
element 13, a feeding part from the feeding point 14 via the
first strip conductor 21 and the second strip conductor 22 to
the connecting portion 17 of the third strip conductor 23, and
a short-circuit part from the connecting portion 17 via the
third to sixth strip conductors 23 to 26 to the grounding point
15. In this case, the electrical length of the portion from the
feeding point 14 via the first strip conductor 21, the second
strip conductor 22, the seventh strip conductor 27, the eighth
strip conductor 28 and the ninth strip conductor 29 to the
open end 16 is set to A4, that is substantially a quarter of the
wavelength Al.

A setting method of the height H1 is described next. By
setting the height is H1 to equal to or larger than Y20 of the
wavelength Ah, it is possible to obtain a substantially omni-
directional directional pattern of vertically polarized radio
waves having the resonance frequency th. In particular, in
order to reduce the size of the antenna apparatus 100, it is
proper to set the height H1 to Ah/20. For example, when the
resonance frequency th is 5 GHz, the minimum value of the
height H1 is calculated as follows by using the velocity ¢
(=3x10® [m/s]) of light.

H1=01/20=(c/fk)/20=3[mm)]

A setting method of the distance D is described next. FIG.
3 is a graph showing a relation between the distance D of
FIG. 2 and a fractional band-width in the 2.4-GHz band.
Referring to FIG. 3, the fractional band-width is a percent-
age obtained by dividing a band-width within which a
voltage standing wave ratio (VSWR) becomes equal to or
less than two in the vicinity of 2.4 GHz, by 2.45 GHz that
is a substantial central value of the 2.4-GHz band. In the
second radiating element of the inverted-F antenna that
resonates at the resonance frequency f1, when the main body
part of the second antenna element 13 and the short-circuit
part from the connecting portion 17 via the third to sixth
strip conductors 23 to 26 to the grounding point 15 are put
close to each other, the interconnection between the main
body part and the short-circuit part becomes strengthened.
Then, the band-width of the band including the resonance
frequency fl becomes narrow, and a desired fractional
band-width may not be obtained. For example, the desired
fractional band-width is equal to or larger than about 3.5%
in the 2.4-GHz band for use in the wireless LAN.
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As apparent from FIG. 3, the fractional band-width
becomes 3.5% when the distance D is about 0.5 mm, and the
fractional band-width becomes larger as the distance D
becomes larger. Therefore, it can be understood from FIG. 3
that the distance D is required to be equal to or larger than
about 0.5 mm in order to make VSWR to equal to or less
than two throughout the entire range of the 2.4-GHz band.

For example, when the resonance frequency fl is 2.4
GHz, the wavelength Al is c¢/f1=3x10%/(2.4x10°)=125
[mm]. Therefore, the relation between the wavelength A1
and the distance D is expressed by the following equation:

A1/D=125[mm]/0.5[mm]=250.

Namely, the distance D when VSWR becomes equal to or
less than two throughout the entire range of the 2.4-GHz
band is Y2s0 of the wavelength Al. In addition, as apparent
from FIG. 3, the fractional band-width becomes larger as the
distance D is made larger, and therefore, it is desirable to
make a design in such a manner that the distance D is made
as long as possible. Namely, the distance D should desirably
be set to equal to or larger than Y3so of the wavelength Al.

FIG. 4 is a graph showing frequency characteristic of the
voltage standing wave ratio of the antenna apparatus 100
when the distance D of FIG. 2 is set to 1.0 mm. The
frequency bands for use in the wireless LAN are within a
range of 2.4 GHz to 2.483 GHz and a range of 5.15 GHz to
5.85 GHz. According to FIG. 4, when the distance D is 1.0
mm, the VSWR of the antenna apparatus 100 is equal to or
smaller than two within the range of 2.4 GHz to 2.483 GHz
and the range of 5.15 GHz to 5.85 GHz, and it can be
understood that the antenna apparatus 100 of the present
preferred embodiment can be utilized sufficiently as a dual-
band antenna for the wireless LAN.

FIG. 5 is a graph showing directional patterns of a vertical
polarized wave and a horizontal polarized wave at 5 GHz on
the XY plane of the antenna apparatus of FIG. 1. Referring
to FIG. 5, the solid line indicates the directional pattern of
the vertical polarized wave, and the dashed line indicates the
directional pattern of the horizontal polarized wave. As
shown in FIG. 5, it can be understood that, a gain of about
-10 dBi can be secured in average even for the vertical
polarized wave on the XY plane, for which the antenna gain
can hardly be secured in the antenna apparatus configured to
include only conductor patterns formed on the dielectric
substrate 10. In addition, it can be understood that the
directional pattern of the vertical polarized radio waves is
substantially omni-directional.

In the antenna apparatus 100 configured as described
above, when the resonance frequency f1 is 2.4 GHz and the
resonance frequency th is 5 GHz, the wavelength A1 is 0.125
[m], and the wavelength Ah is 0.06 [m]. Therefore, it is
proper to substantially set the electrical length of the first
antenna element 12 that operates as the above-described
loop antenna, to Ah/2=0.06 [m]/2=30 [mm]. In addition, it is
proper to substantially set the electrical length from the
feeding point 14 via the first strip conductor 21, the second
strip conductor 22 and the seventh to ninth strip conductors
27 to 29 to the open end 16, to A2=0.125 [m]/4=30 [mm].

Concretely speaking, it is acceptable to set the length of
the first strip conductor 21 to 6 [mm], to set the length of
each of the second strip conductor 22, the fifth strip con-
ductor 25 and the eighth strip conductor 28 to 3 [mm], to set
the length of the third strip conductor 23 to 2 [mm], to set
the length of the fourth strip conductor 24 to 17 [mm], and
to set the length of the sixth strip conductor 26 to 3 [mm)].
In this case, the size in the X-axis direction of the antenna
apparatus 100 becomes 17 [mm], and the size in the Y-axis

10

15

20

25

30

35

40

45

50

55

60

65

10

direction becomes 6 [mm]. When the first antenna element
12 and the second antenna element 13 are formed on the
dielectric substrate 10 in a manner similar to that of the prior
art antenna of FIG. 14, the size in the transverse direction of
FIG. 14 becomes 22 [mm], and the size in the longitudinal
direction of FIG. 14 becomes 8 [mm]. Therefore, according
to the present preferred embodiment, the antenna size on the
dielectric substrate 10 can be made smaller than that of the
prior art.

As described above, according to the present preferred
embodiment, it is possible to provide a antenna apparatus
having a size smaller than that of the prior art, and capable
of securing a desired fractional band-width in a low fre-
quency band of two frequency bands, providing a satisfac-
tory antenna gain in each of the frequency bands, and
providing a substantially omni-directional directional pat-
tern in a high frequency band. In particular, the antenna
apparatus 100 of the present preferred embodiment can
provide the substantially omni-directional directional pat-
tern in the high frequency band, and therefore, the antenna
apparatus 100 can be sufficiently utilized as an antenna
apparatus for AV equipment.

First Modified Preferred Embodiment of First
Preferred Embodiment

FIG. 6 is a perspective view showing a configuration of an
antenna apparatus 100A according to the first modified
preferred embodiment of the first preferred embodiment of
the present disclosure. A part of the first antenna element 12
is partially formed in the C-figured shape in the antenna
apparatus 100 of the first preferred embodiment, however,
the present disclosure is not limited to this. The antenna
apparatus 100A of the present modified preferred embodi-
ment is configured to include a first antenna element 12A
and a second antenna element 13A instead of the first
antenna element 12 and the second antenna element 13 as
compared with the antenna apparatus 100.

Referring to FIG. 6, the antenna apparatus 100A is
configured to include the dielectric substrate 10, the ground-
ing conductor 11, the first antenna element 12A, and the
second antenna element 13A. Further, the first antenna
element 12A is configured to include the second strip
conductor 22, the fourth strip conductor 24, and the fifth
strip conductor 25. In addition, the second antenna element
13A is configured to include the third strip conductor 23, the
seventh strip conductor 27, the eighth strip conductor 28,
and the ninth strip conductor 29.

Referring to FIG. 6, the second strip conductor 22 extends
in the Z-axis direction from its one end connected to the
feeding point 14, within a plane parallel to the ZX plane. In
addition, the fourth strip conductor 24 extends in the
-X-axis direction from its one end connected to another end
of the second strip conductor 22, within a plane parallel to
the XY plane. Further, the fifth strip conductor 25 extends in
the —Z-axis direction from its one end connected to another
end of the fourth strip conductor 24, within a plane parallel
to the ZX plane. Another end of the fifth strip conductor 25
is directly connected to the grounding point 15 without via
the sixth strip conductor 26 (See FIG. 2), to be grounded.

In addition, referring to FIG. 6, the third strip conductor
23 extends in the Y-axis direction from its one end connected
to one end of the fourth strip conductor 24, within a plane
parallel to the XY plane. The seventh strip conductor 27
extends in the —X-axis direction from its one end connected
to the connecting portion 17 at another end of the third strip
conductor 23, within a plane parallel to the XY plane. In
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addition, the eighth strip conductor 28 extends in the —-Z-axis
direction from its one end connected to another end of the
seventh strip conductor 27 to its another end on the surface
of the dielectric substrate 10, within a plane parallel to the
YZ plane. Then, the ninth strip conductor 29 extends in the
X-axis direction from its one end connected to another end
of' the eighth strip conductor 28 to its another end of the open
end 16 on the dielectric substrate 10.

Referring to FIG. 6, the first antenna element 12A has a
height H1 substantially identical to the length of the second
strip conductor 22. Further, each of the fifth strip conductor
25 and the eighth strip conductor 28 has a length identical to
the length of the second strip conductor 22. In addition, the
fourth strip conductor 24 and the seventh strip conductor 27
are formed to be substantially parallel to each other at a
predetermined distance D, and the height H1 of the fourth
strip conductor 24 from the surface of the dielectric substrate
10 and the height of the seventh strip conductor from the
surface of the dielectric substrate 10 are substantially iden-
tical. It is noted that the distance D and the height H1 are set
in a manner similar to that of the first preferred embodiment.

The antenna apparatus 100A configured as described
above has a first radiating element that can transmit and
receive a wireless signal having a wireless frequency of a
resonance frequency th, and a second radiating element that
can transmit and receive a wireless signal having a wireless
frequency of a resonance frequency fl1. In this case, the first
radiating element is the first antenna element 12A, which is
a loop antenna that resonates at a wavelength Ah correspond-
ing to the resonance frequency fth. The electrical length of
the first radiating element is set to Ah/2 that is substantially
a half of the wavelength Ah.

In addition, the second radiating element is an inverted-F
antenna that has a main body part of the second antenna
element 13A, a feeding part of the second strip conductor 22,
and a short-circuit part from a connecting point between the
second strip conductor 22 and the fourth strip conductor 24
via the fourth strip conductor 24 and the fifth strip conductor
25 to the grounding point 15. In this case, the electrical
length of the portion from the feeding point 14 via the
second strip conductor 22, the third strip conductor 23, the
seventh strip conductor 27, the eighth strip conductor 28 and
the ninth strip conductor 29 to the open end 16 is set to A4
that is substantially a quarter of the wavelength Al.

The antenna apparatus 100A of the present modified
preferred embodiment exhibits action and advantageous
effects similar to those of the antenna apparatus 100 of the
first preferred embodiment.

Second Modified Preferred Embodiment of First
Preferred Embodiment

The second antenna element 13 has the shape folded in the
C-figured shape, and the open end 16 is provided on the
dielectric substrate 10 in the antenna apparatus 100 of the
first preferred embodiment, however, the present disclosure
is not limited to this. FIG. 7 is a perspective view showing
a configuration of an antenna apparatus 100B according to
the second modified preferred embodiment of the first
preferred embodiment of the present disclosure. The antenna
apparatus 100B of the present modified preferred embodi-
ment is different from the antenna apparatus 100 of the first
preferred embodiment in the point that a second antenna
element 13B is provided instead of the second antenna
element 13.

Referring to FIG. 7, the antenna apparatus 100B is
configured to include the dielectric substrate 10, the ground-
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ing conductor 11, the first antenna element 12, and the
second antenna element 13B. In this case, the first antenna
element 12 of FIG. 7 is configured in a manner similar to that
of the first antenna element 12 of the antenna apparatus 100,
and therefore, no description is provided therefor. The
second antenna element 13B is configured to include the
seventh strip conductor 27 and an eighth strip conductor
28A. The seventh strip conductor 27 extends in the —-X-axis
direction from its one end connected to the connecting
portion 17 at one end of the third strip conductor 23, within
a plane parallel to the XY plane. In addition, the eighth strip
conductor 28A extends in the —Z-axis direction from its one
end connected to another end of the seventh strip conductor
27, to its another end of an open end 16A, within a plane
parallel to the YZ plane. As shown in FIG. 7, a length of the
eighth strip conductor 28A is shorter than the length H1 of
the second strip conductor 22, and the open end 16A is
provided between the dielectric substrate 10 and another end
of the seventh strip conductor 27.

Referring to FIG. 7, in a manner similar to that of the
antenna apparatus 100, the fourth strip conductor 24 and the
seventh strip conductor 27 are formed to be substantially
parallel to each other at a predetermined distance D, and the
height H1 of the fourth strip conductor 24 from the surface
of the dielectric substrate 10 and the height of the seventh
strip conductor from the surface of the dielectric substrate 10
are substantially identical. In addition, the distance D and
the height H1 are each set in a manner similar to that of the
first preferred embodiment.

The antenna apparatus 100B configured as described
above has a first radiating element that can transmit and
receive a wireless signal having a wireless frequency of a
resonance frequency th, and a second radiating element that
can transmit and receive a wireless signal having a wireless
frequency of a resonance frequency fl1. In this case, the first
radiating element is configured in a manner similar to that of
the first radiating element of the antenna apparatus 100, and
therefore, no description is provided therefor. The second
radiating element is an inverted-F antenna that has a main
body part of the second antenna element 13B, a feeding part
from the feeding point 14 via the first strip conductor 21 and
the second strip conductor 22 to the connecting portion 17
of the third strip conductor 23, and a short-circuit part from
the connecting portion 17 via the third to sixth strip con-
ductors 23 to 26 to the grounding point 15. In this case, the
electrical length of the portion from the feeding point 14 via
the first strip conductor 21, the second strip conductor 22,
the seventh strip conductor 27 and the eighth strip conductor
28 to the open end 16A is set to 144 that is substantially a
quarter of the wavelength A1.

The antenna apparatus 100B of the present modified
preferred embodiment exhibits action and advantageous
effects similar to those of the antenna apparatus 100 of the
first preferred embodiment.

Third Modified Preferred Embodiment of First
Preferred Embodiment

The antenna apparatus 100 of the first preferred embodi-
ment has the eighth strip conductor 28 and the ninth strip
conductor 29, and the size in the X-axis direction of the first
antenna element 12 and the size in the X-axis direction of the
second antenna element are substantially equal to each other,
however, the present disclosure is not limited to this. FIG. 8
is a perspective view showing a configuration of an antenna
apparatus 100C according to the third modified preferred
embodiment of the first preferred embodiment of the present
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disclosure. The antenna apparatus 100C of the present
modified preferred embodiment is different from the antenna
apparatus 100 of the first preferred embodiment in the point
that a second antenna element 13C is provided instead of the
second antenna element 13.

Referring to FIG. 8, the antenna apparatus 100C is
configured to include the first antenna element 12 and the
second antenna element 13C. In this case, the first antenna
element 12 of FIG. 8 is configured in a manner similar to that
of the first antenna element 12 of the antenna apparatus 100,
and therefore, no description is provided therefor. The
second antenna element 13C is configured to include a
seventh strip conductor 27A. The seventh strip conductor
27A extends in the —-X-axis direction from its one end
connected to the connecting portion 17 at one end of the
third strip conductor 23 to the open end 16B of its another
end, within a plane parallel to the XY plane. As shown in
FIG. 8, the open end 16B is located in the —X-axis direction
from a connecting point between the fourth strip conductor
24 and the fifth strip conductor 25.

Referring to FIG. 8, in a manner similar to that of the
antenna element 100, the fourth strip conductor 24 and the
seventh strip conductor 27A are formed to be substantially
parallel to each other at a predetermined distance D, and the
height H1 of the fourth strip conductor 24 from the surface
of the dielectric substrate 10 and the height of the seventh
strip conductor from the surface of the dielectric substrate 10
are substantially identical. In addition, the distance D and
the height H1 are each set in a manner similar to that of the
first preferred embodiment.

The antenna apparatus 100C configured as described
above has a first radiating element that can transmit and
receive a wireless signal having a wireless frequency of a
resonance frequency th, and a second radiating element that
can transmit and receive a wireless signal having a wireless
frequency of a resonance frequency fl1. In this case, the first
radiating element is configured in a manner similar to that of
the first radiating element of the antenna apparatus 100, and
therefore, no description is provided therefor. The second
radiating element is an inverted-F antenna that has a main
body part of the second antenna element 13C, a feeding part
from the feeding point 14 via the first strip conductor 21 and
the second strip conductor 22 to the connecting portion 17
of the third strip conductor 23, and a short-circuit part from
the connecting portion 17 via the third to sixth strip con-
ductors 23 to 26 to the grounding point 15. In this case, the
electrical length of the portion from the feeding point 14 via
the first strip conductor 21, the second strip conductor 22
and the seventh strip conductor 27A to the open end 16B is
set to A4 that is substantially a quarter of the wavelength A1.

The antenna apparatus 100C of the present modified
preferred embodiment exhibits action and advantageous
effects similar to those of the antenna apparatus 100 of the
first preferred embodiment.

Second Preferred Embodiment

The fourth strip conductor 24 is formed at the position of
the height H1 from the dielectric substrate 10 in the first
preferred embodiment and its modified preferred embodi-
ments, however, the present disclosure is not limited to this.
FIG. 9 is a perspective view showing a configuration of an
antenna apparatus 100D according to the second preferred
embodiment of the present disclosure. The antenna appara-
tus 100D of the second preferred embodiment is different
from the antenna apparatus 100 of the first preferred
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embodiment in the point that the first antenna element 12B
is provided instead of the first antenna element 12.

Referring to FIG. 9, the antenna apparatus 100D is
configured to include the dielectric substrate 10, the ground-
ing conductor 11, the first antenna element 12B, and the
second antenna element 13. In this case, the second antenna
element 13 of FIG. 9 is configured in a manner similar to that
of the second antenna element 13 of the antenna apparatus
100, and therefore, no description is provided therefor. The
first antenna element 12B is configured to include the first
strip conductor 21, the second strip conductor 22, the third
strip conductor 23, the fourth strip conductor 24A, the fifth
strip conductor 25A, and the sixth strip conductor 26.

Referring to FIG. 9, the first strip conductor 21 extends in
the Y-axis direction from its one end connected to the
feeding point 14 on the dielectric substrate 10. In addition,
the second strip conductor 22 extends in the Z-axis direction
from its one end connected to another end of the first strip
conductor 21, within a plane parallel to the ZX plane.
Further, the third strip conductor 23 extends in the axis
direction from its one end connected to another end of the
second strip conductor 22, within a plane parallel to the XY
plane. The fourth strip conductor 24A extends in the —X-axis
direction and the Z-axis direction from its one end connected
to another end of the third strip conductor 23. In addition, the
fifth is strip conductor 25A extends in the —Z-axis direction
from its one end connected to another end of the fourth strip
conductor 24A to its another end on the surface of the
dielectric substrate 10, within a plane parallel to the ZX
plane. Then, the sixth strip conductor 26 extends in the
—Y-axis direction from its one end connected to another end
of'the fifth strip conductor 25A on the dielectric substrate 10,
and another end of the sixth strip conductor 26 is connected
to the predetermined grounding point 15 on the edge portion
11a of the grounding conductor 11, to be grounded. It is
noted that the length of the fifth strip conductor 25A is set
to H2 (>H1).

Referring to FIG. 9, a distance D between a connecting
point between one end of the third strip conductor 23 and the
seventh strip conductor 27, and a connecting point between
another end of the third strip conductor 23 and the fourth
strip conductor 24 is set in a manner similar to that of the
distance D of the first preferred embodiment. In addition,
one end of the fourth strip conductor 24 A has the height H1,
and its another end has the height H12. The fourth strip
conductor 24A is inclined in the X-axis direction with
respect to the dielectric substrate 10. In this case, the height
H1 is set in a manner similar to that of the height H1 of the
first preferred embodiment.

The antenna apparatus 100D configured as described
above has a first radiating element that can transmit and
receive a wireless signal having a wireless frequency of a
resonance frequency th, and a second radiating element that
can transmit and receive a wireless signal having a wireless
frequency of a resonance frequency fl. In this case, the
second radiating element of the present preferred embodi-
ment is different from the second radiating element of the
antenna apparatus 100 of the first preferred embodiment
only in the point that the fourth strip conductor 24A and the
fifth strip conductor 25A are provided instead of the fourth
strip conductor and the fifth strip conductor 25, and there-
fore, no description is provided therefor.

In the present preferred embodiment, the first radiating
element is the first antenna element 12B, which is a loop
antenna including the portion, from the feeding point 14 via
the first to third strip conductors 21 to 23, the fourth strip
conductor 24A, the fifth strip conductor 25A and the sixth
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strip conductor 26, to another end of the sixth strip conduc-
tor 26 connected to the grounding point 15, and resonates at
a wavelength Ah corresponding to the resonance frequency
fh. The electrical length of the first radiating element is set
to Ah/2 that is substantially a half of the wavelength Ah.

The antenna apparatus 100D of the present preferred
embodiment exhibits action and advantageous effects simi-
lar to those of the antenna apparatus 100 of the first preferred
embodiment. Further, since the fourth strip conductor 24A
and the fifth strip conductor 25A are provided according to
the present preferred embodiment, the electrical length of
the first radiating element can be lengthened, and the reso-
nance frequency th can be lowered without changing the
size on the XY plane of the antenna apparatus 100D as
compared with the first preferred embodiment.

Third Preferred Embodiment

The seventh strip conductors 27 and 27 A are formed in the
position at the height H1 from the dielectric substrate 10 in
the above-described preferred embodiments and the modi-
fied preferred embodiments, however, the present disclosure
is not limited to this. The seventh strip conductors 27 and
27A may be formed on the dielectric substrate 10. FIG. 10
is a perspective view showing a configuration of an antenna
apparatus 100E according to the third preferred embodiment
of the present disclosure.

Referring to FIG. 10, the antenna apparatus 100E is
configured to include the dielectric substrate 10, the ground-
ing conductor 11, the first antenna element 12A, and a
second antenna element 13D. In this case, the first antenna
element 12A is configured to include the second strip
conductor 22, the fourth strip conductor 24, and the fifth
strip conductor 25. The first antenna element 12A of the
present preferred embodiment is configured in a manner
similar to that of the first antenna element 12A (See FIG. 6)
of the antenna apparatus 100A of the first modified preferred
embodiment of the first preferred embodiment, and there-
fore, no description is provided therefor. In addition, the
second antenna element 13D is configured to include a third
strip conductor 23A, and a seventh strip conductor 27B.

Referring to FIG. 10, the second antenna element 13D is
configured to include the third strip conductor 23A and the
seventh strip conductor 27B. The third strip conductor 23A
extends in the Y-axis direction and the -Z-axis direction
from its one end connected to the fourth strip conductor 24,
to its another end provided on the Y axis. The third strip
conductor 23A is inclined in the Y-axis direction with
respect to the dielectric substrate 10. Further, the seventh
strip conductor 27B extends in the —X-axis direction from its
one end connected to another end of the third strip conductor
23A to an open end 16C on the dielectric substrate 10.

Referring to FIG. 10, the fourth strip conductor 24 and the
seventh strip conductor 27B are formed to be substantially
parallel to each other at a distance D. In this case, the
distance D is equal to the length of the third strip conductor
23A. The distance D and the height H1 of the fourth strip
conductor 24 from the dielectric substrate 10 are each set in
a manner similar to that of the first preferred embodiment.

The antenna apparatus 100E configured as described
above has a first radiating element that can transmit and
receive a wireless signal having a wireless frequency of a
resonance frequency th, and a second radiating element that
can transmit and receive a wireless signal having a wireless
frequency of a resonance frequency fl1. In this case, the first
radiating element of the present preferred embodiment is
identical to the first radiating element of the antenna appa-
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ratus 100A of the first modified preferred embodiment of the
first preferred embodiment, and therefore, no description is
provided therefor. In addition, the second radiating element
is an inverted-F antenna having a main body part of the
second antenna element 13D, a feeding part of the second
strip conductor 22, and a short-circuit part from a connecting
point between the second strip conductor 22 and the fourth
strip conductor 24 via the fourth strip conductor 24 and the
fifth strip conductor 25 to the grounding point 15. In this
case, the electrical length of the portion from the feeding
point 14 via the second strip conductor 22, the third strip
conductor 23A and the seventh strip conductor 27B to the
open end 16 is set to A4, that is substantially a quarter of the
wavelength Al.

The antenna apparatus 100D of the present preferred
embodiment exhibits action and advantageous effects simi-
lar to those of the antenna apparatus 100 of the first preferred
embodiment. Further, since the seventh strip conductor 27B
is formed on the dielectric substrate 10 according to the
present preferred embodiment, the size of the entire antenna
apparatus 100E can be reduced as compared with the first
preferred embodiment.

Fourth Modified Preferred Embodiment of First
Preferred Embodiment

FIG. 11 is a perspective view showing a configuration of
an antenna as apparatus 100F according to the fourth modi-
fied preferred embodiment of the first preferred embodiment
of the present disclosure. The antenna apparatus 100F of the
present modified preferred embodiment is a mirror image
about the YZ plane of the antenna apparatus 100 of the first
preferred embodiment. The second strip conductor 22 and
the fifth strip conductor 25 are formed on the planes parallel
to the ZX plane in the antenna apparatus 100, however, the
second fifth strip conductor 22 and the fifth strip conductor
25 are formed on planes parallel to the YZ plane in the
antenna apparatus 100F. The antenna apparatus 100F is
configured in a manner similar to that of the antenna
apparatus 100 in the points other than this. The antenna
apparatus 100F of the present preferred embodiment exhib-
its action and advantageous effects similar to those of the
antenna apparatus 100 of the first preferred embodiment.

Fourth Preferred Embodiment

FIG. 12 is a perspective view showing a configuration of
a wireless communication apparatus 300 according to the
fourth preferred embodiment of the present disclosure.
Referring to FIG. 12, the wireless communication apparatus
300 is, for example, a wireless communication apparatus of
a 2x2 MIMO (Multiple Input Multiple Output) communi-
cation system complying with the wireless LAN communi-
cation standard IEEE802.11n. The wireless communication
apparatus 300 is configured to include the grounding con-
ductor 11, the antenna apparatus 100F, an antenna apparatus
200, and a wireless transceiver circuit 301. The wireless
transceiver circuit 301 is mounted on the dielectric substrate
10, and executes MIMO processing for each wireless signal
transmitted and received by the antenna apparatuses 100F
and 200. In addition, as shown in FIG. 12, the antenna
apparatus 100F includes a rectangular parallelepiped 40
made of a dielectric material, and the second to fifth strip
conductors 22 to 25, the seventh strip conductor 27 and the
eighth strip conductor 28 are formed as conductor patterns
on the respective surfaces of the rectangular parallelepiped
40.



US 9,461,356 B2

17

In addition, referring to FIG. 12, the feeding point 14 of
the antenna apparatus 100F is connected to a central con-
ductor 42 of a coaxial cable via an impedance converter
circuit 40 made of a tapered conductor, and a strip conductor
41 of a coplanar line. Further, a feeding point 20 of the
antenna apparatus 200 is connected to a central conductor 32
of a coaxial cable via an impedance converter circuit 30
made of a tapered conductor, and a strip conductor 31 of a
coplanar line.

FIG. 13 is a plan view showing a configuration of the
antenna apparatus 200 of FIG. 12. Referring to FIG. 13, each
antenna apparatus is described below by using XY coordi-
nates such that one point on the upper surface of the
grounding conductor 11 formed on the dielectric substrate
10 is defined as a coordinate origin O2. An axis along the
edge portion 11a of the grounding conductor 11 is defined as
an X2 axis, and an axis from the coordinate origin O2
upward in FIG. 13 from the edge portion 1la of the
grounding conductor 11 is defined as a Y2 axis. In this case,
a direction opposite to the X2-axis direction is referred to as
a —X2-axis direction, and a direction opposite to the Y2-axis
direction is referred to as a —~Y2-axis direction.

Referring to FIG. 13, the antenna apparatus 200 is con-
figured to include the grounding conductor 11, an antenna
element 2, a grounded antenna element 3, a feeding antenna
element 4, a feeding point 20, an antenna element 6, and an
antenna element 7. The antenna elements 2 to 7 and the
grounding conductor 11 are made of conductive foils of Cu,
Ag or the like formed on the dielectric substrate 10. It is
noted that a grounding conductor may be or may not be
formed on a back surface of the dielectric substrate 10
opposing to the grounding conductor 11. In addition, no
grounding conductor is formed on the back surface of the
dielectric substrate 10 where the antenna apparatus includ-
ing the antenna elements 2 to 7 are formed. Further, the
grounding conductor 11 is preferably formed so that its
extension length in the Y2-axis direction becomes longer
than the wavelength Al. The grounding conductor 11 needs
not be formed in a case where grounding is achieved at
another end of a feeding line when feeding is performed
from the feeding point 20 via the feeding line. However, it
is preferred to form the grounding conductor 11 when
radiation from the antenna apparatus is performed with
comparatively high efficiency.

One end of the feeding antenna element 4 is connected to
the feeding point 20, and the feeding antenna element 4 is
formed to be substantially parallel to the Y2-axis direction.
After extending in the Y2-axis direction, another end of the
feeding antenna element 4 is connected to a predetermined
connecting point 2a of the antenna element 2. One end of the
grounded antenna element 3 is connected to the grounding
conductor 11 at the coordinate origin 02, and the grounded
antenna element 3 is formed along the Y2-axis direction.
After extending in the Y2-axis direction, another end of the
grounded antenna element 3 is connected to one end of the
antenna element 2. The antenna element 2 is formed to be
substantially parallel to the X2 axis, and after extending in
the —X2-direction from its one end connected to another end
(upper end in the figure) of the grounded antenna element 3
via the connecting point 2a, another end of the antenna
element 2 is connected to one end of the antenna element 7.
The antenna element 7 extends in the Y2-axis direction from
another end of the antenna element 2, and then, is connected
to one end 9a of the antenna element 6. The antenna element
6 is formed to be substantially parallel to the X2-axis
direction, and after extending in the —X2-axis direction from
another end of the antenna element 7, bent and extended in
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the —Y2-axis direction at a point intersecting the Y2 axis. An
open end of the antenna element 6 is formed to be adjacent
to and to be electromagnetically coupled to another end 3a
of the grounded antenna element 3. In this case, the antenna
element 6 is configured to include an element portion 6A
parallel to the X2-axis direction and an element portion 6B
parallel to the Y2-axis direction, and a coupling capacitor is
generated between the open end of the element portion 6B
and another end of the grounded antenna element 3. The
shape of the antenna element 2 extending in the —X2-axis
direction is illustrated as an example, however, the antenna
element 2 may have a shape extending in the X2-axis
direction.

In the antenna apparatus configured as described above,
the antenna element 2 and the antenna element 6 are formed
to be substantially parallel to each other, and substantially
parallel to the line of the outer edge portion 11a of the
grounding conductor 11 formed along the -X2 axis. In
addition, the feeding antenna element 4, the grounded
antenna element 3, and the antenna element 7 are formed to
be substantially parallel to the Y2-axis direction.

The antenna apparatus 200 configured as described above
includes third to fifth radiating elements. As shown in FIG.
13, the third radiating element is configured to include an
antenna element from the feeding point 20 to another end of
the antenna element 2, via the feeding antenna element 4, the
connecting point 2¢ and antenna element 2. A length (elec-
trical length) of the third radiating element is set to Ah/4 that
is a quarter wavelength of the wavelength Ah. The third
radiating element resonates at the resonance frequency th,
and is able to transmit and receive a wireless signal having
a wireless frequency of the resonance frequency fh. It is
noted that the resonance frequency fth is set by an electrical
length from the feeding point 20 to the connecting point
between the antenna element 2 and the antenna element 7,
for example, along the edge of the antenna element 2.

In addition, the fourth radiating element is configured to
include an antenna element from the feeding point 20 to the
open end of the antenna element 6, via the feeding antenna
element 4, the connecting point 2a, the antenna element 2,
another end of the antenna element 2, the antenna element
7, and the antenna element 6. A length (electrical length) of
the fourth radiating element is set to A4 that is a quarter
wavelength of the wavelength Al. The fourth radiating
element resonates at the resonance frequency f1, and is able
to transmit and receive a wireless signal having a wireless
frequency of the resonance frequency f1. It is noted that the
resonance frequency f1 is set by an electrical length from the
feeding point 20 to a tip end of the antenna element 6, via
the edge of the antenna element 2, the connecting point
between the antenna element 2 and the antenna element 7,
the antenna element 7, and the antenna element 6.

Further, the fifth radiating element is configured to
include an antenna element extending from the feeding point
20 to the grounding conductor 11, via the feeding antenna
element 4, the antenna element 2 (limited to the portion on
the left-hand side from the connecting point 2 in the figure),
the antenna element 7, the antenna element 6, the above-
described coupling capacitor, and the grounded antenna
element 3. A length (electrical length) of the fifth radiating
element is set to become Ah/2 (the length may be 3Ah/4) that
is a half wavelength of the wavelength Ah. The fifth radiating
element can operate as a so-called loop antenna, which
utilizes a mirror image generated in the grounding conductor
11, and transmits and receives a wireless signal at the
wireless frequency having the resonance frequency th in a
manner similar to that of the third radiating element.
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In addition, each of the antenna elements 2, 3, 4 and 6 has
a predetermined width w1, and the antenna element 7 has a
predetermined width w2. In this case, when the function of
the loop antenna is used, the widths w1l and w2 are set to the
same widths as each other. It is noted that, when the function
of the loop antenna is not used, the widths w1l and w2 are
preferable set so that an impedance becomes higher than a
predetermined threshold impedance for the frequency of the
resonance frequency th, and becomes lower than the thresh-
old impedance for the resonance frequency fl1. Further, the
antenna element 2 is made to have a tapered shape such that
its width w3 is gradually increased from its another end (left
end) toward its one end in the X2-axis direction to the
connecting points 2a.

Further, the position of the connecting point 2a on the
antenna element 2 and the width wl are set so that an
impedance when seen from the feeding point 20 via the
feeding line (not shown) to the wireless transceiver circuit
301 substantially coincides with an impedance when seen
from the feeding point 20 to the antenna apparatus 200 on
the antenna element 2 side. It is noted that, for example, a
coaxial cable, a microstrip line or the like is used as the
feeding line.

As described above, the antenna apparatus 200 is a
dual-band antenna that can support two frequency bands for
use in the wireless LAN in a manner similar to that of the
antenna apparatus 100F, and resonates at the resonance
frequency f1 of the low frequency band and the resonance
frequency fh (when fl<th) of the high frequency band.
Therefore, according to the present preferred embodiment,
MIMO processing can be performed for the wireless signals
received by the antenna apparatuses 100F and 200.

The wireless communication apparatus 300 includes the
antenna apparatus 100F in the present preferred embodi-
ment, however, the present disclosure is not limited to this,
and the wireless communication apparatus 300 may includes
the antenna apparatus 100, 100A, 100B, 100C, 100D or
100E.

It is acceptable to constitute an antenna apparatus by
combining the first antenna element 12 with the second
antenna element 13D, constitute an antenna apparatus by
combining the first antenna element 12A with the second
antenna element 13D, or constitute an antenna apparatus by
combining the first antenna element 12B with the second
antenna elements 13A, 13B, 13C or 13D.

In addition, the antenna apparatuses 100 to 100F transmit
and receive radio waves in the 2.4-GHz band and the 5-GHz
band in the above-described preferred embodiments and the
modified preferred embodiments, however, the present dis-
closure is not limited to this, and radio waves in arbitrary
two frequency bands may be transmitted and received.

Further, the grounding conductor 10 is formed on the
surface of the dielectric substrate 11 in the above-described
preferred embodiments and modified preferred embodi-
ments, however, the present disclosure is not limited to this.
It is acceptable to form the grounding conductor 10 on the
back surface of the dielectric substrate 11 and connect the
grounding point 15 with the grounding conductor 10 by
using, for example, a via conductor.

As described above, according to the antenna apparatus of
the present disclosure, the first antenna element includes the
first element portion, and the second antenna element
includes the second element portion. Therefore, it is possible
to provide a dual-band antenna apparatus having a size
smaller than that of the prior art, and capable of securing a
desired fractional band-width in a low frequency band,
providing a satisfactory antenna gain in each of the fre-
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quency bands, and providing a substantially omni-direc-
tional directional pattern in a high frequency band.

The antenna apparatus of the present disclosure can be
widely applied to antenna apparatuses for wireless commu-
nication equipment that utilizes a plurality of frequency
bands, such as mobile communication equipment adopting
the GSM (registered trademark)-W-CDMA (Wideband Code
Division Multiple Access) system without being limited to
the equipment on which the wireless LAN function is
mounted.

Although the present disclosure has been fully described
in connection with the preferred embodiments thereof with
reference to the accompanying drawings, it is to be noted
that various changes and modifications are apparent to those
skilled in the art. Such changes and modifications are to be
understood as included within the scope of the present
disclosure as defined by the appended claims unless they
depart therefrom.

What is claimed is:

1. An antenna apparatus of an inverted-F antenna com-

prising:

a first antenna element of a loop antenna, having one end
connected to a first feeding point and another end
connected to a grounding conductor formed on a
dielectric substrate, and resonating at a predetermined
first wavelength; and

a second antenna element having one end connected to a
predetermined connecting portion of the first antenna
element and another end of an open end,

wherein the inverted-F antenna resonates at a predeter-
mined second wavelength longer than the first wave-
length,

wherein the first antenna element includes a first element
portion formed to have a predetermined first height
from a surface of the dielectric substrate, and

wherein the second antenna element includes a second

element portion which is formed to have the first height from

the surface of the dielectric substrate, and is formed to be

substantially parallel to the first element portion at a prede-

termined distance apart from the first antenna element,
wherein the first antenna element comprises:

a first strip conductor, that has one end connected to the
first feeding point, and extends in a predetermined
first direction from the one end of the first strip
conductor on the dielectric substrate;

a second strip conductor, that has one end connected to
another end of the first strip conductor, and extends
from the one end of the second strip conductor in a
predetermined second direction perpendicular to the
surface of the dielectric substrate;

a third strip conductor, that has one end connected to
another end of the second strip conductor, and
extends from the one end of the third strip conductor
in a direction opposite to the first direction;

a fourth strip conductor, that has one end connected to
another end of the third strip conductor, and extends
from the one end of the fourth strip conductor in a
third direction perpendicular to the first and second
directions;

a fifth strip conductor, that has one end connected to
another end of the fourth strip conductor, and
extends from the one end of the fifth strip conductor
to the surface of the dielectric substrate in a direction
opposite to the second direction; and

a sixth strip conductor, that has one end connected to
another end of the fifth strip conductor and another
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end connected to the grounding conductor, wherein
the second antenna element comprises:

a seventh strip conductor, that has one end connected to
a connecting point between the second and third strip
conductors, and extends from the one end of the
seventh strip conductor in the third direction;

an eighth strip conductor, that has one end connected to
another end of the seventh strip conductor, and
extends from the one end of the eighth strip conduc-
tor to the surface of the dielectric substrate in a
direction opposite to the second direction; and

a ninth strip conductor, that has one end connected to
another end of the eighth strip conductor, and
extends from the one end of the ninth strip conductor
to the open end in a direction opposite to the third
direction,

wherein the first element portion is the fourth strip con-
ductor, and

wherein the second element portion is the seventh strip
conductor.

2. The antenna apparatus as claimed in claim 1,

wherein the distance is set to equal to or larger than Y2so
of the second wavelength.

3. The antenna apparatus as claimed in claim 2,

wherein the first height is set to equal to or larger than %40
of the first wavelength.

4. An antenna system comprising first and second antenna

apparatus,

wherein the first antenna apparatus is an inverted-F
antenna comprising:

a first antenna element of a loop antenna, having one
end connected to a first feeding point and another
end connected to a grounding conductor formed on
a dielectric substrate, and resonating at a predeter-
mined first wavelength; and

a second antenna element having one end connected to
a predetermined connecting portion of the first
antenna element and another end of an open end,

wherein the inverted-F antenna resonates at a predeter-
mined second wavelength longer than the first wave-
length,

wherein the first antenna element includes a first element
portion formed to have a predetermined first height
from a surface of the dielectric substrate, and

wherein the second antenna element includes a second
element portion which is formed to have the first height
from the surface of the dielectric substrate, and is
formed to be substantially parallel to the first element
portion at a predetermined distance apart from the first
antenna element,
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wherein the second antenna apparatus comprises:

a grounded antenna element having one end connected
to the grounding conductor;

a third antenna element that is formed to be substan-
tially parallel to an edge portion of the grounding
conductor, and has one end connected to another end
of the grounded antenna element;

a feeding antenna element that connects a second
feeding point with a predetermined connecting point
on the third antenna element;

a fifth antenna element that has one end connected to
another end of the third antenna element; and

a fourth antenna element that has one end connected to
another end of the fifth antenna element,

wherein another end of the fourth antenna element is
folded, so that another end of the fourth antenna
element is adjacent to and electromagnetically coupled
to another end of the grounded antenna element to form
a coupling capacitor between the fourth antenna ele-
ment and the grounded antenna element,
wherein a first length, from the second feeding point via
the feeding antenna element, the connecting point on
the third antenna element and the third antenna element

to another end of the third antenna element, is set to a

length of a quarter wavelength of a first resonance

frequency, so as to resonate a first radiating element
having the first length at the first resonance frequency,

wherein a second length, from the second feeding point
via the feeding antenna element, the connecting point
on the third antenna element, the third antenna element,
the fifth antenna element and the fourth antenna ele-
ment to another end of the fourth antenna element, is
set to a length of a quarter wavelength of the second
resonance frequency, so as to generate a second radi-
ating element having the second length at the second
resonance frequency,

wherein a third length, from the second feeding point via
the feeding antenna element, the connecting point on
the third antenna element, the third antenna element,
the fifth antenna element, the fourth antenna element
and the coupling capacitor to the grounded antenna
element, is set to one of a half wavelength and three
quarter wavelength of the first resonance frequency, so
as to resonate a third radiating element, which has the
third length and configures a loop antenna, at the first
resonance frequency, and

wherein the third antenna element is formed so that a
width of the third antenna element expands gradually in

a tapered shape, from another end of the third antenna

element to the connecting point between the third

antenna element and the feeding antenna element.
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